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(54) SEMICONDUCTOR LASER AND ITS MANUFACTURE 

(57)Abstract 

PROBLEM TO BE SOLVED: To actualize a projection beam of 
good quality which can be oscillated continuously in basic 
lateral mode and has no astigmatism suitable for the light 
source of an optical disk system, etc. 

SOLUTION: The semiconductor laser is constituted by forming 
an n type GaAIN clad layer 13, an active layer 16 of MQW 
(multiquantum well), and a p type GaAIN clad layer 19 on an n 
type GaN buffer layer 1 1 on a sapphire substrate 10 and the 
clad layer 19 is equipped with a double heterostructure part 
with striped ridges and a light confinement layer formed in an 
area other than the ridge part of the clad layer 19 on the 
double heterostructure part. In this case, the refractive index 
of the light confinement layer is made larger than the 
refractive index of the p type GaAIN clad layer. Consequently, 
threshold current density is reduced by controlling a lateral 
mode by forming a waveguide structure with a refractive index 
distribution, and in the lateral mode, an InGaAIBN-based 
semiconductor laser can continuously be oscillated. 
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[0 0 5 2] £fc#$gBJ3fct, 2a®b-1f^^^5 
iMWtV— ifC*>M,>t\ £tg±fc#S&S2fI«©rS14Ji 

2a«oisttssBCDd •£©««(«© i mm<D&-*mttti 
[0053] cctn s^tvi^v^d n$ 

«§y©In x Ga y Al z B 1 . x _ y _ 2 N (Ogx, y, 
z, x + y+zSl) fr&&3£7 «y KJSk;* b^-f 7* 
ft©Uyy£*t5^2#fSOIn u Ga v Al„ B 
l- u -v- w N (O^u, v, w, u + v + w^l) 

v HJf ©'J vVWSHtoBSIlZs In p Ga q Al r B 
l-p-q- P N(0<pgl, 0Sq<l, 0|r<l, 0 
<p + rgl, 0<p + q + r^ 1) £12$ 
il^7-)i KS ©JB#r * .fc v ^flfr * £ *> 

[0054] **lBtt, ffittJitf* 5 v KJBTft 

^tt^NVft (In, Ga y Al 2 N:x + y + z= l, 
Ogx, y, z ^ 1) *»£>fc u -iff, 

#© y * ^tf»j**nt* t) , an y v ^^eDffi^-tc 

tt £BE »J y S> fc« bT » 2 «mM©gfb*- U •> A *<b* 
££ttV8EffLitJ|:l3J:ZF9 »^tt|gl9Si(D$2iD3 

[0 0 5 5] **WC<S5**«:U— !f©«a» 

Xgfc % S i 0 2 iJilFl/i/^h^M^U ^h^^T* 
a'SMfct J: 5 "J r^HMtiigi:, S i 

o 2 ss«?j««t:«tt)3fcffla«>ji (rnsaa 

lUi) *BfiR-rsxgfc % 'Jf^±©Si0 2 
»*-T5Xgfc N ^raiife^ («8Ei&jkJI) tJ;ViJ«; 
S>±»fc*2©=i>** hj|&j&£rsx|l£&2j>&< 



[0 0 5 6] *«WC«4«JS^ri*Ht, H-fbtfU 

•>A*fc6*J**fl: (In x Ga y Al 2 N : x + y + 
z=l, O^x, y, z^l) fflK7-fx^?>^xS 
C#V*T, ii>&< 2:««UR«jft«-j: bT^trJfl 1 ©#* 

2 © © £ % v % 5 c h £#68 k t 5 « 

[0 0 5 7] C Cf, Jg 1 i: bttt, C 1 2 , B 
Cl 3 XliSiCl 4 ^fflqJfgT-feS. fg2©>b'*i; 
bTtt, CF 4 , C 2 F 4 , SF 6 N 0 2 % COXttC 
0 2 #{£fflqJt&Tfc£. ft*, ufl^©I^7Sffl^ 

«6C«PJ8bTt>J;v*. 
[0 0 5 8] (^fl!)*ft«Cifttf, TnOaAlB 

In p Ga q A l r Bj.p.q.,. N (Ogpgl, O 
< 1 , O^rgl, 0<p + r^l, 0<p + q+r^ 
1) ^&ftt)s h*JBJ:DJB*f^©^^V^Bia*{> 
SS:S^^T^^^. ci©>fc^a«>JgK:«kt), ttttftspSfr 

[0 0 5 9] iif, ±E©«t-5ft*aaa&JItt^ 

S^J5E^-rs©tt^qJtgi:#^e>nTV>5. Z<OTztb, 
'&3&<D InGaAl N^*««tu— if ^r*JV^T^' "5 y Y 
S©y vS?»«^C3tHa»JIft«j«r5i:od*feilSJB 

W^RfcAD. *H^JKfb^^ffl^« (MOCVD) m 
WfiiWty- (MB E) S^T-SMlfefr^eiS 

ftsrscktj:i) % ±is©£5ft*m©7tfflai«>;i©s 

[00 60] L*»*n InjfflfigtfO J:DA»VU nGa 
AlBN^)fefflatf)Jg*iS:ttfe«iiT*l4, -€-©T<©^>7 
y HJi©+-y y TSS3&sS<ftsc:4:Asrae>>t:35to 
tzo ztitt.^ H^^«t5Mg7'^-fe^©^rS^'fbi) s *p 

«B*n5iktjear5*»©Ts ^raa©^4i£«tftvN 

Sdk^ofe. Li, *j6ffl©*5fc#Hia«aiWi* 

[0061] *fc*«iBt«tnttx »M?gi4^©rgtb7j 

b— tfk#JlSttg©Sai7ju— VtZm-Stfi-htzB 

fiET-tst®, «ffiBj»w»«©ait&7 , D-b'^^fir 

5dhft<, **'>*?Afc:fett5S£StflJb*: 
[0 0 6 2] $ 6t*fe**«i:j:hB 4 SftSSftft© 



(8) 

13 

1 0 0 6 3 ] *ftWK.&*m&1i&lC£titt. jf 
t*Ctft?%2>. B|J*>, n>^^ hB£S< r££/c 

<t#r#* e io 

[0064] 

[0066]®«10ttt7r-{rSfi-C*0, CCDS 
Si 0O±tCGaN^^^r® 1 1 . nSGaN3>^ 
*hB12. nSGaA 1N^79 FBI 3. nSSGa 
N3I&B14. nSGaA 1 N*->*-y v-tt±M 1 20 
5. I n GaNJll^tF (MQW) r2H4B 1 6. p 
SGaA I N*-'*-ya-tt±mi 7. p^GaNg 
i£B18. pSGaAlN^7^K119«IMS 
ftTl>£. fcfc, cne>co3es^s«MocvD^i^ 

[006 7] pMGaAlN^7 7 F119mF7^ 

ic<fc*)^* fb i 9cc^ h^>r^cDi; 7>>3wjBfS; 

i*trCC>£. pSGaAlN^77h*119(D';-^SP 
feWCnSH nGaN5fe^i^B2 0^i§^ft5«:fflii^ 30 
J^SSJ-i, Z*>KL>?yv KB1 9RCX*raiA^B2 0± 
{CtJpSGaN3>^^M2 1«?titl^, C 
fte><E*§JU5gfc, MOCVDffii£l>ttMBES;K:J:o 

[0068] p§JGaN3>^^hg2 1^6nIGa 
A 1 N*^* FBI 3£r#^#WCC&3;;*ft, nMG 
aN^>dr^ hBl 2<D— SB^ISfflL/rC^. fit, 
pSGaN3>^^7 hB2 1 ±(CtJ pfiimS2 2 A^fiS 
3ft, n^GaN3>^^ hfi 1 2(D»ma5±tC«n@J 
mg2 3^ff5fi5£Sftn^o 40 

[0069] Xm&J&mtCteV *> U-tfOrSttBSB (« ' 
T, ^rmmti>^^) I n.Ga,_. N#FB/ 

In. Ga... NPIMB (a^e) 
F (MQW) CDSttB l 6<DSWKt, Ga A 1 N*-^ 
-?tt~|fcibBl 5. 1 7&tfGaN3*&B 1 4. 18 

£>W;fr£<i*r(,><2> P so 
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[0070]Jt *mmj&mvi*. I n m Ga, A 1 
k B 1 .,.,. l N (0^x. y, z. x + y+z^l)S 
tffcW>6fr*n£!^? FBI 3ttl n&tfB£^*& 
t^Ga,., Al, N£Slfe£*i, 36CCr§ttB16 

*mi**tl?ti I n. Ga,., NSO'ln. Ga,.,N 
<tSlfe$ftS 0 SfilCC, In, Ga v A 1 „ B....... 

N(0^u. v. w. u+v + w^l)S^^i 
pMfyy FBI 9ttl nMB^t^^/c8()Ga 

ai. Nisie$n^. 

[0 07 1 ] #(C, «±0<fc^CC««^n/c^l»:U- 

[0072] (7MP:frfaig*- KSfl^I) #*fejga§<D* 
**U-1fr«. XF7^^-Cn^InGaN*Kii 
i6B2 0^r2T^tCi5SL/rt^/c2i?). XF^^^ 

»W3nt^t- FQHi^jWffcft*. 
[0073] CCC k n^I nGaN*ffliid6B2 0CD 
I nifiSlt r£14B 1 6 (t&tt £ I n . Ga,.. N#F 

BO I n»^£i:0feiS<a:S$nrc^. Sot, 3tH 

iAfeB2 0O^5r^i, #FB<DJS»T^<fc *) fc*$H>. 

*/c, 7fcff!iA#>B2 0©^>F^+^^^;U¥-«, 

F*> v :/x*rt^-<fc t) 4>/hSl>. 
[0 07 4] 3*>(t, 7feE3iA^B2 0(D®»f^«X 

-^SikDpSSGaA 1 N*^* FBI 9or>®Jr3U:9 

* F^-f^SSOpMGaA 1N^7^ FB 1 9CD^ # >F 

[0075] COJ:^Cc^ F^^^gp^D®«f^O^:t 
^5fcHiA*&B2 0^^^tcfcJ6je>*r^fl6®»fm«/h3 < 

B2 0W^m^gtC^LrRiRa^*5A"C*-5/c«)CC« 
jg*-F<D«g^^m C<Dtctb. «8S*-F»Wtt 

3fe^a*B2 0«: I Sfe^»l^ga6r/h$c^ r«c*> 

little* h7^ ^95 <fc «3 l?ffi®»T^^/jN3 < 
[0 07 6] ^<bi6^<b. HI tC^"Tt«^^lttU- 

-Fo^^ttcg^rwjair*^. -r^tD^, xh^^ 
F^»**- Ftctk^r«Bte^*/cli^ ^ F *y t*z> 
[ 0 0 7 7 ] C<D£ 5 «c«j^S«EflHla % 5feS3iid?)B 2 



(9) 
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[0 0 7 8]&V^T\ ^<DXotm^-Y^m<DtztbO 

[0 0 7 91 02 (&) tt % * h^jy&tZ Yz>J7 
41-i:©Wg#r*MAn eq KglU 7h7^7^f©^ 
m&#>m2 0£n7m&t<D&& (p£!GaNjj?&Jf 1 
7£T'(D&m h out K#1-*«3M4£^bT^5. 0 
2 (b) fct, Kt3^1-SH^a 0 Ml^- 

s&#ft£^bTu.5. 

[0 0 8 0] C*lf>©0Ttt, ^ h^-f ^©JUgSIS: 
nMGa 0-85 Al 0 , 15 N/n-GaN (0. I um) / 
MQW/pIGaN (0. l^m) /plGa 0 85 Al 
0 . 15 Ni:U ^h7-f^fflffigSnSGa 0> * g5 Al 
0 . 15 N/nMGaN (0. 1 um) /MQW/p'lGa 
N (0. Um) /plGa 0>g5 Al 0il5 N (h out /z 
m) /nf InGaNJ: b&^©£&»Bi#J$?;tff £n 

[0 0 8 1 ] l§]0£:}b^TMQWfci\ In 0 i 8 Ga 082 
N#PJi (2nm) / 1 n 0 M G a 0<S6 NMSJB (4n 
m) btt&zmi&t, i 0tt$> £&!&£<?) 2 

[0 0 8 2] F<Z>££<bCtt % Hfc 

£**-Fi©«^#*|^;efAsg3;b^. m&t>t> 

CJ:«*»*afi*«=P^i:Jfe*. tt^T. h out ©tefct 
0. 3/zmfelT> $e.tSSU<ttO. 
£-f -5©#&V>„ 

[0 0 8 3] S3 (a) tt„ h out =0. 2/*m©*&& 

©b#t^gs$gaj th fc:iau ^ h^-f7'*it:*t-rs«c 

£££^bTV>a„ S3 (b) tt, PIh out ©«■&©<* 

[0 0 8 4] :Xh7^7fl#*$t^Aatf/h$<&« 

*£Ui:S;*^E-K©Ji£a 0 #**<£t>TUS^« 

7* Wtt 3 /z mJWJb £ * 3 i: #g * bV. 
[0 0 8 5] S&H4 (a) &tf0 4 (b) MmTJio 

t> jfen&ti>Jitiu ^©*af£ <&m-r 

So dfte>©0l£ N * h^-f 7*g|50DJH?£ji£nMGa 
0.85 A1 0.15 N / n ^GaN (0. l/zm)/MQW/ 
pSGaN (0. Um)/pIGa 0<85 Al 0il5 NJ: 
U ^b^'i , ^©Jl«it5nSGa 0 ' 85 Al 0 ' 15 N/ 
nlGaN (0. lwm) /MQW/pSGaN (0. 
1/im) /pIGa 0 85 Al Oil5 N (0. 0 5/zm) / 
nS I n G a A 1 N£ b&«d©i»*M(Mft*K«r bfcfc 
OffeS. ^ :7fl.K:fctt£n3a nGaA 1 N/i 



JO 0 8 6] ZZX\ MQWtt, In 0 2 Ga^ g N# 
FB (2nm) /In 0 05 Ga 0 95 NBtgJI (4nm) 

[0 0 8 7] Z1£T\ 04 (a) tt % Xm&Sbm&In 
x Ga l-x NifcttGa H Al x NcD^(D7 h^-f 
^f*3fl-©#ffliS#r*M A n eq i:itlj5£i:©||&£^ bT<^ 
5. x Jn ^0. 2©fg«tt, *H«SBIi6D|g5fe#«St: 

ffliH-rs. c(0jR5MS«flH«a. E4 (b) c^t-«to 

©In **** ***SfflKigbfct-A4f££^.5CL£# 
[0 0 8 8] 0^x In ^0. 2©«^li, 7h5 

[0 0 8 9] — 2r, 7feEE&«>Jf fc£ v 3¥&Jf ©JS#r t) 

(b) t^tioc soemKA-MT* 
i o o 9 o ] m 2 ©«a tt % ^j^toJioA lmmifip 

7* HS©A lfij«C2v^l6HT?* »K /h£^A n^© 
&»K:*J»*HMIISi:fc!> s SAT* 
Si^MiHR£€fco. c©a©^$v^jjMRM© K-A 

tt%7V^*j$;sfc:i£g3&it. 

[0 0 9 1] f3©Mtt> 04 (b) ^fftlT^S 
rtST*»), *a&&JR©Alttjft**7y HI(DA1 
ttdU D'J^<« JL-p3S8yg©Al«lj5git)^s < N f 

bTV^5. i©fi«»»««tt N 0 4 (a) t^f «td 

[0 0 9 2] *fc % 0 4 (b) T-Ji N 7fc^iitt.gc3DAl 

*fC*'J»*^U!AIIHMc»6»nscJ:*«3%*nSo 
[0 0 9 3] *C X **WfcJ:4!l^*iSffl|JSft-5VMt 

[0 0 9 4] 05 (a) tt % HJS«r^«lt[ 

h^-f 7•♦i©^S1^^4S:^bTV^S. 0 5 (b) fcU P« 
t^©«H«Stov>T 1*^6— FtS*=E— K -h<z>S¥ 



(10) 
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[0095] @^£fts«fcdt. %mm-$Lm&, 

[0 0 9 6] cnCMU ffi£g&S:fc,fcV£i!S&S!?li 
^^T-D-fe^^^T-fet), Kit© §E&g 

[0 0 9 7] mmxfom*- rum) tzzx\ in 



(GaAIN) K^^tf^-f S^fc-e&So -CD 
a©*:** Al||j«fefi«-r4^*l^0t 
GaAlNJl©j?;*£<£jjrf s&gis&a, Al 

fflfca&£a6S*feLt©jB*r** (lP*>r££J§i:©Al 
H^) > RV*7V KIfH clad ^i>It^5 0 
JflSJPd, FJIJfEH clad . KJi-SttJI© 

A 1 laB^I A X A1 £ - K«£ a t ©H& £ m 6 
(a) (b) lzm+. 

[0 0 9 8] H*»6«-4»«J:-5t3s AX A1 #*£ <. H 
clad* s **^S> att/J\*<Tf*s*J % HfflftlC ttafct 
2 0 cm M&BteT<h*<T**ltt+fl>-efcS. 
Tn atflOO cm- 1 iD'M< 2 0 c m -1 * t> 

mmz&tbzt. »© (i) icco«tdfc:5&s„ 

[0 0 9 9] 



m©GaN£©*&^j&#g£.5;fca&fc % AlZSttm 

0. 18 (AX A1 d/A) " 1/2 ^H clad /A^0. 27 (AX A1 d/A) 



t£^T, ^^-y K^H clad ^^£D|gHt:^-rscii: 
fc«fc»K *£ilj&KB$£^^#&£bfcV>gg©^$ 

[0 10 0] CICTn ±13 (1) SCInGaAlNI 
U-1fT-*-5-o%lit-r^§^tt. KJ|©;MM(Z) 

Z'hZo Z<DtzSb, t^v HJf«H clad iH-7};*:t <fc 
l^tS, MUG! (Sit^ra) CD«««ji^s««i:^ 
D, l§^KJ:^Ta:btiWii*gb<;*;§<&^Tb3= 
5i\ fc3^tt««*-KA^?£bfclv^#;fc»)*# 

[0 10 1] 07ttSCH-MQW«JiH*lt5^7^ 
HSJSH dlad MVt*-f K^Hgui^ fc s 
©«#|gi:©H&©— 0y£jj*bTO.5. ' 'T-tt^^it 
i:bT, nSGaN/nIGa 0il!5 Al flil 5N (H clad 
U-m) /nSIn y6 Ga 0>94 N (Hguide /M 
QW/plIn 0>06 Ga 0 , 94 N (Kg,,^ //m) /pffl 
Ga 0.85 Al 0.15 N (H c i ad /xm) /nIGaN©l^ 
©H-^J^^Lfe. MQWttIn 0 2 Ga 0 8 N#pf 

(2nm) /I n 0 05 Ga 0 95 N|^g^ (4nm) ifi 1 
0 *f ©8f/j£ £: b fc „ ' £ fcSftJf © G a N©!SiR&&fct 5 
OOcm^fcl/fe. 

[0102] @7 ©&K0flUSfctf|&E-- K b& 

©iimj:»>±#««««-e*»K €±?)©ftiai»3T 

&»&&r#0 b£^mSit5&gJ th ;!>Wg*i: 
&S„ £©«?*EI8 (a) &lf0 8 (b) t^tt. 



(1) 

[0 10 3] it. 09 (a) 9 (b) CSS«S 

mm.frft<D*z>v KSJSflc3M3E£ij*bfc. 09 (a) 
ttH guide =0 - l/"n©»&T*»K 09 (b) liH 
guide = 0 • 2//m©*£T-&5. fi$Si«©/^7^ 

0 1 0 Ktt#PJi© I n!&J&#ffe©ffi©i§^fc:-=>t^Tx 

K*M£«E?-*3Ua©i&#£^ bfc. 
[0 104] 08 (a) RTfms (b) 
-5£> b£V>fi£<£&£©fc«)Kfci\ ^7>>h'SfH 
clad** **^-F##£bfcUS«©^a»e>-H#« 
nfefitt^-r^^tfifeS. ddT©ftett«^iicD 
G aN©lKJR^S[^5 0 0 c m -1 J: bfea^T&^tf, 

- k©#s bfcwt^ * -*nmt>fc < 

[0 105] 01 1 Ktt^Jf GaN©i»JK&»;&s 1 0 

0 cm _1 ©t|^©«^- K #£«#©*#£ jj%L,fc„ 

01 0fctt«bTfoa>S«fcd£, K©*?9E Lft 

H^iPH clad ^«^^ Hguije «*Bf3£©«Htc»S 
l-S.iJgtffeS-ii^e^T-fcS. C©H clad ^HM 
rSSfeW* (1) AfcB«©»5S7f}i*qIfiB7?*3. <3 

bc©^tt, ( i ) &#m&mBdip>h$^m^(D%i 
mz^tsm^Mt&tttzztfrt,, (i)jc©(^x A1 

d/A) -^©ttfcSK (Ax Al d/A) 
^AfftiS^T-tSo fttettCfcfc, 07, 0ioa^*>c> 
3 ©^f*$r feTF© «t -5 tiSMT- ^ -5 . 
[0 10 6] 



Ax " ( H core/ A ) " (H c i ad /A) ^0. 08 



CdT-H core ttS¥«i®S:^©fc37|aJa (MQW+^jg 



(2) 



(11) 
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[0107] zz^btzmmmomx'ti, ax^t 

[0 10 8] Ax = x A1 + y In ••• (3) 

m<D¥-$i i n&A&g-*-. >? z> v fji n i n^t^ns 

®£t3tt±©x Al ©ttfc>!)Kx A1 -x In (xi„tt*7 9 

Al (yAl tt3 7««C!)¥lSAHai«) £ffl<^ftfcf«fcV%. 
[0 10 9] ±CjpLfenSGaN/nIGa 0<85 Al 

0.15 N (H c iad>" m ) / /n ^ I n 0 .06 Ga 0.94N (H 
guide jam) /MQW/pSIn 0 06 Ga fli94 N (H 

guide 

urn) /pSGa 0i85 Al 0il5 N (H clad ,um) 
/nSGaNCD03T*l±> x A1 = 0. 15, yi n =0. 0 
6 9 (Hguifc =0.1 //m, #p®Ll 0©®^) 
Zo £©!§-&£ (2) S^e.nSi'?"; KJ§^©^ 
ffl£A=4 2 0 nm©i§-£\ H clad ^ 0 . 2 4 4/zmfc 

5&*5 (2) 5S;CD&ia(i3 7'£SP-CD3feraa«6CDS-& 

Sra-rstcttJSb-r^a. 

[0 110] ±f3;<7*-*Ax • (H core /A) • 

(H clad /A) izm-zvz^mo&if&zmi 2c* 

Jth/ d act X-feSo 0{3^T«tdt, J th /d 
act fctAx • (H core /A) • (H cIad /A) fc*g< 

Ax - (H core /A) • (H clad /A) SO 
(2) a,$>Z>^& (5) &<&>7z>v h'JfffH clad ©TK 

s. ^nsiEiig-r^fcfeto:, H clad £»;©jEH 

[0 1 1 5] x A1 • H clad ^0. 1/zm -(7) 

Ax < (H core /A) - <H clad /A) 
2*6, jaT©JSllT-fc+fl-fi^b£vMe# 

Ax - (H core /A) • (H clad /A) ^0 
J£Lt££i:«>£i:v >v F/lff H clad ©^B£ it, 
TRBfct (2) £6£g£b<fct (6) 5£T*§££U 
±pgtt (7) £e>Kg£b<fct (8) 5$©36B, *> 
b<tt (9) 5$, 2£>£S£b<fct (1 0) 5£©®Bf3 

[0 119] £nWm*T, S£II#FJfPd act £ 

(4) ^e.i:i$b<tt (5) 3.<D&mtm%.-t-%z 

[0 1 2 0] 07-121 lT'fc-5 loftBt'Ct^ 



i^©£tfc#6 J th fctd act £*,&#-f-5o fib 
§^<fifbtttd act t^$ < Ufc3?#fiV*. #lx.fcf01 
2T-Ax- (H core /A) - (H rlad /A) 
^«^TtJ th /d act ~2x 1 0 9 cnr 3 fcfes. 
T\ Jth<l OkA/cm 2 i:*- Sfcjfrlitt, d act < 
0. 0 5/zmi:-rS'iJSi)SafeS. #J©fmt;: <£*U£, rS 

[0 1 1 1 ] U±frt>, I nGaA 1KSU- tfT-fct. 
(2) ^tC^bfc^*j«tV}gft®$gilfc:^5mT© 
«aBT-ffci!f?-?>c:i;tc«fc»>, (gbtWaTWSBSi^Si 



[0 112] d act <0. 0 5um 



(4) 



sts $e.tsii<a:, d act z&o&miz-f z t& 



[0 1 13] d act ^0. 0 4 5/zm 
01 2 s«tot^ Ax 



( 5) 



(H, 



core-/-*-) 

* ( H clad/ A > **©*BCIB3£Tfttt» 3>^*h 
S#©qSJR^t&t«t^.Tv fib£u«#f|giT*£ -S. 
[0 114] 

• 1 - (6) 

[0 1 1 6] x A1 • H clad <0. 0 6/zm -(8) 

(2) s£Xl± (6) 5t£igfc-fleB 
T-fcttfcf±|!g£ifc© (9) 3C-CaS«r-5Ci:t3«t t>> * 

v >y kji T*©mmsrF£ffiare# s„ 

[0 117] 



^0. 
[0 



2 

118] 
1 5 



(9) 



b£t,\{I# 



- (1 0) 

SSKX 11 tt h tt # 5 z i: f ^ . 
^-a-ttt, ^«faiA s 3I^©JB#T$iil^6»S^^t3^ 
t>2>^T't)b^l^ipfe$ <gfcP>^i,\ (0 8 

(a) sv@8 (b) #83) . ft^x, zox-s-ztmrn. 

C©l5Htt«T©j£^T-4-^e>nS. 
[0121] 



(yin) 1/2 • (H core /A) ^0. 

^^»ica$b<a:, UT©fgffl<cis:;rr*uf<fc*)ifgjg 

(yi„) 1/2 • (H core /A) so. 



1 5 
[0 



(1 1) 



12 2] 



(1 2) 
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fftfc^ 3S&B# I n£^ ^o(ll) jSitclt 

(i 2) ^^/c-r^^ccs^-rtitf. {giaour, 

[0123] «±CC^/cfiL/^C^ffi<fc<0/ci?)Cr)®«g 
attW*H 1 3 CC^To C<D0«r(iMQWO^Jg<t It 
ln 0 ., Ga,., N#Fl(2nm)/In 0 . 0t Ga 

o.,,Npigjf (4nm) * i ^«<hr zmsomzmf 

±"C (2) Uto^V (5) ^*tt*i«fcl,T<,»*. £ 

tc [ 2 ] - [ 8 ] {icticcjnitr (ii) s<D£rtt fciffi io 

^l/tl^. [6] (1 2) S©^ftfcjS/cl 

[7] % [8] cD<i:5K#^r&oTfc£i>. 

[0 124] Hi 0 £H 1 l£ifc«t,Tfc>a>*<*;5CC, 

KB<DJa»r*<fcD**l>»£CCtt. MUMUKfcftt^ 
#3S£Lt>. C(D&iR^CDtItt % H12lCg^£, & 
©(13) 5$T7ni**a£ a 

[0125] a^lOOcm" 1 -(13) 
£6fcM£L< tta^SOOcnr* - (14) 20 

Ttt, *tt&i£E*i©<T£fc{*ffc:fc, InGaNn> 

Mf 9 tWCwOFft^tfcol nGa 

[0 126] (L«l>tt<Dfi**> (MQ 
W) !f<00#l»«««CCW»r*5. #2fc93 

I nGa A 1 N^CD^{*U-tftt, COMQW 

%m&tiQt>K>. i/dnGaAl NJfcT>*Sftr*®r<fc 

[0 127] 014 (a)-H14 (c) 

*«t»r«HB-r*. 014 (a) USE*©*** h^-f 
^«jg(OI nGa A 1 NU-1f(C*stt«tttt#ffi&i*t/ 
Ti>*. coHBtrtt. MffWftCc J: F« 

^*I£g#r/h3<T*££p^:3>** htSCi*** 40 

[0 128] CtuErBSfCtCB. * h 7^ <T 

8*- K«H«6h& < ft 9 . g»rt£*mftfitt 
KJ:*), H14 (b) <DJ:9(caTlll[«r«tt«s|ZWo 
5 > «0S*«*-K*«^S6nft<ft-6. 
[0 129] C*ifc:*tbT. *2fcWlc<J:£8i*:- K$Q9) 

/ce6S«£ffl^<l:^^-F^C«taP«5fei*ft<. £/c3fcH 50 
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tCctO, ttf / pmfi£«^*itc<5«'C*^ 0 3e>lc, 014 
(c) tC^b/c<t^CCp^n>^^ hBr®&W£#* 

ox\ h«t»tt*ia«cfi«-c* % i»o»sfefeft 

[0 13 0] (*ty7*-/<-7P-K±) I nGa 
A 1 N^Ttt, i?3iU/c«SB#o^5 ? ^CDMStcSD 

-#gC9. Lftl>ff£«b<i|*3tt'Cl/S9. 
CC. ^7-^ Fi + t 'JTigg^l 0 ,7 cm- J <);0fi^ 

fiH>*<fc$ftA lfflfiRcDA^c^^-c^Ftc^^ »;rig 
toi3i]fi+t yratttrt** 'J7*-/<-7o 

Bl6£z$z£Bl4. 1 8iOIHCC % GaA l N3^6ft 
**+VT*~'<-:7nH*JhBl 5. 17«:»^rc> 
C<0*— /<— ^a-Hf±JI 1 5. 17«5nm-5 

o o nm<D}mtcn^m?$>z>tcib. mfc*- vw&<o 

[0 13 2] COt-^-7D-t6jh«tt, *7?KB 

nGaAlNSTlt tttt»C^t «;TjSS©n§gG 
aA 1 Nm*&f$rC£Ztcib. nM<D*-J*-y n-ES 

0 ,r cm- s ^S^cC^3:^tx«±<D++ 'JTig£<DpS* 

jbi»;Fg<!:ft*. 

[0133] pS^7 ? KB 1 9<D*+ VTWB&WSb* 
»£©P 7 oHWibB 1 7<D£S3I£H1 5R 

C«ai6 4C^-r. HI 5BpS^7? KB 1 9<D*+'J 
Tieffi^l x l o" cm- J T, *-^-"7n-RribB*s 
AoTl>ftV^^(CoC>r, K^j&SC/^IT-ijE?L 
©»**inU/ct>©r*S. H^6^6^ft<t^CC, r§ 
ftiWp^7y FB«Cc*ui*«TO*-^-^n 

[0 134] CtltC^Lr. HI 6t*MQWr§t4Bl 6 
ip««iRBl 8 <t<£>RSCCGao., s A l..»,N*wt- 
7 0-PMI1 7^r^/cti^^^U'CC^ 4 , COil 

tc^ciWi, ccosr«. p(fflig&Bi Ste^ 



(13) 

23 

tLtc 0 yisY-7<D*-^-yxi-Vj±m-ci> % ceo 

[0 1 3 5] * + VT*-'*-7U-m±<Dlfomt. * 
PH%itBGa t _,, A l h N<DA l*fl/?Xh#* 

<Lfc*. 1#CC, h#0. 2*Mx.4<btt{^Eii^Si 
«lc&*. SEoT, *-><-:7nH%itB©A liffidth 10 

0<h<0. 2 -(15) 

[0 136]fr*$, yT*-/^7a-|»±JittG 
a A 1 NtC[g&fc<DTW:ft<> mci n*^fr4>(CrC<& 
•5ttJ:< > £/cMteB£^tffc©r£>oTfc<J:t>. IP 
^tt I J7t-^7D-Mi« k In. Ga t Al 
„ Bw.-t-h N (O^s. t. h. s + t + h^ 1) 

[0137] ±»L*:J:9«:«6lfc»««:J:titf. I n 
GaA 1 BN^^igftU— tfCC:bl»T\ #?Jl>^mft 

f-A^3fc«fcfib/c#l^^ 30 
*r#*c<t#rs&. 

[0 13 8] (*20HtS»lB) HI 7tt, MROW 
2©^^JSCC«t>^*«ttU-1f<DfllfiE«:*T»fffiH 

[0 1 3 9] H*3 0«if^T-rrSSr^>*), CCDS 
«30©±{CGaN/^77i3 1, nSSGaNn>^ 
*KB32. n MG aAlN^7? KB 3 3 , nIGa 
NSfii3 4. nSGaA 1 N*w\*~:7nH*lhB3 
5. I nGaN*644»-l?#P (SQW) rSttB 
36. pMGaA 1 N*-'*-:7nH*Jl:B3 7. pi 40 
GaNzS£B3 8, pIGaAIN^7^F13 9W 

s^fiK^nrt^. 3tc*j. cfi^coiss^gWMOCV 

Dffil£^ttMBEffiK<*oTfTfc>*i*. 
[0140] piGaAlN^77F139ttXh7>f 
^SP»?rl*^r-e<D^**'Cx^^:>^*$ti 4 en 
KJ:D*^? FB3 9KX h?</:*R4>'; ^i<®*^flc 

pMGa A 1 N*^ 7 FB3 9<DV 
fcW-K. nil nGaN3tffliitf)i4 0#jStRffj&cSi£ 
*»«8h, 3 6tC*^* FB3 9S^3effliM)»4 0 
-tfctt. p§SGaNB4 1. pIInGaNn>**K 50 
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B4 2#«S&fiE3*vCl»£. C*i€><7)*£llf£g*>, M 
OCVDtt*l»ttMBEja^4CJ:-oTfft>n*. plln 
GaN3>^ KB4 2^6nSGaA 1 N?7? FB 
3 3*T**S»WK:|**3*i, n§GaN3>^^h! 
32©— VftW&t/Tl'S. *LX % pSGaNa>$ 
^FB4 2±fCWp«J«ffi4 3^fiESti, nIGaN 
FB3 2<0»tH»±«cttnflB«ffi4 4*s»flE3 

tiros. 

[0141] mdKSflMSH 1 (C^b/c^ 1 ComBBS 
iJMr*jfitt> iaSttBaw*MT#Frtttt< 1 In 
G a Nfr h ttS*— <fc ft o r t c <t r&£. 
#-:fi^#F£T*C<LK:<fc0, CtOiI£<£«T*S: 
tt*«MBr*4. coflte. XRj&ab^S < ftSfc 

r*. L/#c*ffifcTcf^c<h^njtfer*^. 

[0 14 2] C©H*Jg«rtt t <*6fc::3>** hB4 
2iUpSInGaN^tl^. pIInGaN 
WpSGaNJCtk^r/^F** 7^3&VJ\Sc»<D"C, m 

[0 14 3] (»3<DHSS»Jg) HI 8fc£, *IMK>* 
r£>*. 

[0 1 44] H4>5 OtinIS i CS«"C^)0. C<D» 
fi5O0±{CnSZnO/^77i5 1, nSSGaNB 
52. nSGaA 1N^7*; KB 5 3 . nIGaNIS 
■ 5 4, nIGaAIN^-7P-BS±15 5, I 
nGaN^ilT^F (MQWr£t4B) 5 6. pIGa 
A 1 N*-^70-UjU|5 7, p3?GaN*»B5 
8. pSGaA 1 KB5 Q&tiZ&Bf&ZtiXi,* 

2> 9 ft*, cne><DeSJ5SS«MOCVDffi, MBE 

[0145] pIGa A 1 N^7-y KB 5 9 liX K:7-f 

^gp^^c^r-eo^^rx^^^y^^^n, eti 

tc£*)2^y FB5 9KX K^-f ^XOV *J>8fcWBfifc 
StrCOS. pSGa A 1 N^^ » FB5 9©»; v*?U 
fcWCt, nl I n G a N;ft&B£#>B 6 0 **9!Rffijecttj& 
WBlKSti, S6tc*5? KB5 9S£«£HiA£>B6 0 
±CC«, pfflGaN3>**FB6l3MSfiJB«Stir 
t>4. *Lt, pMGaN3>^^M6 l_hCC(£pff(I 
«S6 2MRft3tl % nIS i CSS5 0©a®(Ctin 
mS6 3*ra3trCl>«. 

[0146] 4«ik^ttrtt. SK5 o <h LT^mtt© 
n^S i cifi^ffl^n^. ct\ic&*y, ®fe*±T 

[0147] «J:<![^aBB«rtt*Hj&«>B& It I n 
GaN<Dlg^7nL/c^ ^^«cnccKST^*>© 



(14) 
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^In p Ga q Al r Bj.^,., N (0<pg 1, 0 
^q, r<l, 0<p + q + r^l) -f&tlfcf&^o £ 
tz, I n x Ga y 

A 1 z B 1-x-y-z N ( 0 = x > y> z > x + y+ zg 

i) zm^zzt&x-zz. 

[0 1 4 8] 01 5&V01 6T*2JxT^S«t?£M 

^fitiii0©gH©-oi:&.5. CfUt* MQW©Jf&# 
#^SiTBl*CftS. C©^£)-£<£arr2>tfctP$MJi 
©Jf££'J\£ <TS.Ii:#*rain:-a5 5. Ri^Jf© 
JP$##pJl©I^£&;Lfc^«tdKi^-*-Si:, ttK 

[0 14 9] (^4cDHi6^.«) 01 9tt*^©^4 
©HJfSff^K&fc 5 V -■ tf ©«/£ ^^-TBf® 0T- 

[O15O]0+7Ottt7 7>f7Sfit-fe!), CCDS 
tg7 0O±CGaN^y77f 7 1 , nlGaNn^ 
*hg72, nSGaAlN^f^FITS, nlGa 
Ng«JI7 4, I nGaN$lt?#F7 5, plGa 
Nm&mi6, pSGaAlNi'7^-17 7, pIG 
aN*t>y7i7 8, pSI nG aNTfeBK&ftJf 7 9# 

j&A$HTi*s. psi nG&NjftmjKibmi 9&mm 
cpMn>^» M©fisit>i?ifcbT^s. cne>®g 

gfSSliM O C V DSSEVMiMB EiSH .to TfTfctl 
[0 15 1] pIGaNHy7I78MpSGaA 

17 7C7 b v-f 7W; y ^S5#©fi££ftT^S. C 
©±fcp3U nGaN7fcffl&«>Ji/3>** H79tf 
JFM2ft*. Cl©<SSfi£ftt.MOCVD&sK^ttMBE 

[0 15 2] p§ainGaN7fe0&»Ji/=i>** Kg 
7 9A»e.nSGaAIN^7y KS 7 3 STtfSWJ-fltlC 
mZZft. n3?GaNn>** h/17 2©-gI5#gaiL 
T^3. .!©&, pSInGaN)l6Sjifei/3>^i' 
H7 9±£fci;pfltlS«i8 0, nIGaN3>^^h| 
7 2 ©§ajSS±£ tinges l#ffM2n*. p{R!)« 
g8 0Cli, MUPt/TiN/Ti/Pt/Au© 

mmmm. nMnmsmtt, wxHTi/Au©«i 

[0 15 3] Z<ms—*f<Dfem§3!>&I n a Ga H N 
#Pl/In e Ga,. e NP$gJf (a^e) frbttZ^ 
&VGaNig&S£t£tt&SCH8titi:& 

[0 1 5 4] 01 9H^Ufc«it©^aJ±pSI nGa 

S. ZOtztb, ISIUagfct 2 @T-*8^ 2[5Ig©^* 



©SiiT-H:, &£&fttCflLTiM&&©;*;^ I nG 
a NJf#* h ^ T^TJSttJiCjEJg LTtfclT tXT^ 
5©T\ * K5-f r^©H«JS}r^||»g|5iJ^ h ^ y 

[0 15 5] i<0*ittiJtt-5*«tttspa:. pS 
GaAlN^7yfi77i:pIInGa NftBiiii&Ji 

7 9fc©n©^Dpitgtj:i)3ia$n5. hp*., 02 

0 (a) £^L*:«fc5{^ pSGaAlN^7y KJIfc 
pilnGaNn^^ mfcOWfflfc^ttSflfi*^ 
©M>K^«M£<fcD£D5'V7 L Dp|g©£«>£ > d© 

tts pfiOaAlN^7s»Hi7 7tpS!InGaN3 
Ymi 9 £:©fi3fc:S§#©4>fia©.n> K^r* 9 7x 
^;^-S^t5pSGaN+i- y^«7 8#S£We>n 
TV">£fc#>K, 020 (b) \ZBLtz£oiZ^TVf$m. 

[0 15 6] I nGaNl^^ii«)l/3>^ ^ hjf 
tcfflVN^di:©, t> -5 — :>©f>Jj£B\ *©T©J'7f H 

S. **9§*&©38RC:«tntf, ln*ifi£#0,£ 
OInGaAlNStWfelilflls -£©T©* -5 y K 
S©**y7eg^<fc5Cfc*My§e,*>tfc-r>7c. ft 
xtt. G aN3>^^ M©5^©J®-^tU:p3S^ 7»;h' 
JI©*-fJ!TSgg#l x 1 0 16 cm _ %rFT-&o7c*>© 
I nG a NefciSftt 5xl0 16 cm 
" 3 fcU:i:-f Sdi:#T-£fc. cttfctzkfj? (H) miz£z> 
MgTi'-b :/*©^Sf4{b#«)#J;*ftS d i: iciHts 
t)©T-feS. CftlCfciK InGaAlN^Bii&!>l& 

[o i 5 7] 02 qiDitfMretk p&*??kjwp*- 

* UT^S^ x 1 O 16 cm" 3 ©Ga 0 85 A 1 0 p 
hS^^E-vUTSSSl x 1 0 17 cm _3 OD I n 
O.15 Ga 0.85 N - P*wrJB# : **U7«flEl x 1 0 
17 cm" 3 ©GaNOS6§^bTl^. dfte>©£I<*-& 
d ft t (So fet)©T- tt&<, pS^7-> KJIfc 
pS^V** hJf h©^Dgg#«^pfiit£+^&;*; 
t££#-?T^ftfcf&<^. 

[0158] 020 (a) ©p®^7<^ KJli:p§y=)> 
^^M^ fn-?npiGa Oi8 5Al 0<15 N (^r-^'; 
7fS5x 1 0 16 cm -3 ) , pSIn x Ga H IN (^p 

v'jT^si x i o 17 cm -3 ) <Dm-&<Dm%imm— ms. 

^i4*0 2 lt^t. 02 0 (b) (D*w7mtex = 
0 ©G a NT, CI ©!§-£■£ l±mE~ 3 . 7VTU- 

^ ^ ^^^v^) . I nffi^xip^t < ^ s'iiSSSt^^n 
li<^Sc:i:6 s 7>S. x#0. l ±>)*Z^®ttmE. 
(~3. 7 V) T-©fafll l/2fcTFi:fc»K Bl 1 9 
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[0159] z(D^vmm\z±zmm&±%)m&. P 

*t£> pS^7 7 Ym<D*V l )T®m&l x 1 0 17 cm 
~ 3 <fc «*ffi±<D»*ttft«1-3. $£o 

01 9{C^-r«^t*V%T^D|^SK:<tSm^Pl 

(Stpfn^i' M©In|BM©;fa£0. 2 5m±£: 

iS^gMv^efctpS^^y Kl** IfT&gfcMg-f ^fc 

< . gSb<tt5xl0 16 c nr%±#JiV^ 
[0 16 0) ^n^g{r«t^m«tPfl±S&*0:p 
m G a A 1 N/ p 39 I n G a N©*a#-& fc* C Pg 5 © 

t*#£©t-> ffim^&McDrfy K^S 
J£i:|S]«£, ^^©/^K^jgg^^fKfca. ia 
2 nSGa (U5 Al ()il5 N (+1-'J7te5xl 
0 17 cm 3 ) x nSI n x Gaj., N (^U7^fil 
xlo 18 cm -3 ) Sfn^7^ FIMn^^h 

itj8v^s^©m^g-«ffi4$&£;TtT. nn>* 

t MB© I nmf8.xW*:$ <HZ 
Cttfif>*t-65. Cl©t§^Kfctx£0. 15T-+# 

[0161] (?g scommzm) 023a. *&m<D& 

[0 16 2] 0<f9Olitf7 7-f7SSTa5!), CLODS 
fi9 0£D±tGaNM977l9 1, plGaNn^ 
*M92, pSGaA 1N^77 Kl 93, pSGa 
N3I&19 4, InGaN$ll?#p9 5, nIGa 
NtSI9 6, nSGaAlN^7>yHI9 7, nS?G 
aN^rf?7'i9 8 l nS? I nG aN3fcBl&4i>l 9 9# 
J&££ftTt^S. nSInGaN3fcaii»S9 9J±|5ll^ 

[0 16 3] nSGaN + t'v7I9 8MniGaA 
lH^7>y Kl 9 7 0:;* h^:/g&#£Rfcv>T*7y K 

19 7(3*1* 7 7^0'J-)» ^gBtfTft^ftT^*. 3 
©±Kn§JI nGaN)feS!ii4{>l/3>*^ h|9 9# 

[0 164] nllnGaN^jifti/^^^M 
9 9fr^pIGaAlN^7-y KJf 9 3 £T-#gC73-ftfc 
pIGaN^^^ M9 2©-gB#gaSL 
TV\5. £©&, nil nGaN}fcfflii«>l/=)>*£ 
M9 9±£fc£n<Wm£i 1 0 0s plGaN^^^h 

19 2©§tas0±ta:pa!i^5i o 1 mMztix^ 

[0 1 6 5] 02 3(C7f>Lfci8ilT-fct, nSInGaN 



Ell 9 ©«-£*: |6)«|fc:, ^j5gfttt2|HlT-Str. fj^- 
K*iJffll©SSH:0 1 9©i§-£i:|5Hyt-&tK $tSi» 
*£fci\ nSGaAlN^7n-I97J:nSInGaN 
7fcBiii«>J19 9i:©F^©^DPfS{cJ:>)||^$n5. 

[ 0 1 6 6 ] 'Vr D ggfc: «t £ S^PIlh2&£fct, 2 ?«g 

is^M©*#v>ffi<^fc-e-#g3;u^ L*b^7yt» 

[0167] (Jg 6 ©HS6B®) @24tt, *&BJ©|g 
6 ©^Eff^t^^S^^u-tf©^^^^^ 

[0168] @4 J 110llt7 7'f7Sffifi6D, C© 
ftffil 1 0©±tGaN^>y77i 111, nlGaN 
3>^^hI112, nSGa 0 85 A1 0 15 N^^^K 
1113, nSGaN^jgyi 1 1 4, InGaNfIS 
?#Pl 1 5, pSGaN««il l 6, pSGa 0 85 
A1 0.15 N *^* HH 1 7» pSGaNSl^»;7 
1118, pIIn 0D7 Ga ()i9 3Ni2+t^7111 
9, pil n 0>15 Ga 0>85 N^fflii«)l 1 2 0#JBJ5££ 
ftT^So pil nGaN;>fera&«>! 1 2 OttPiB^Kp 
M©SfJt.^fcLTl>5. ifcs 0«=£©1 
2 lfctpflSime, 1 2 2&nWn.mT'3b*> Q 

[0 16 9] d©0{c^Lfc«3tT-O:pSGa o>85 Al 
0.15 N *^* Kl 1 1 7 tpSI n 0 15 Ga 0 ^INtES 
a»ll 2 0i:©fflj^#*IKM>h-*W7'M#* 

— ^b^'T^'gp©^^-; KJB±Ctt x piGa 0 85 
A1 0.15 N ^^^^H 1 7tpIIn 015 Ga 9i8 ;N 

ytm&tbm 1 2 ofc©*p^©yt>K^-^^^^^2a 

fg©**\y:7'l£l8:ttT$>5 < , ^>K^fy7H:pg^ 
5»KJi. $l*t^7I, ^2^^y^l, XmiLtb 

[0170] B2 ^ommmmx-it^m^yh-^^^y 
v Ymtytm&tbmto^y y^miz 

[oi7i] (mi (Dnmmrn 025a, *&«©?*§ 
7©^Mff^t^to5^^i^-+f©«ffig^^riBfffi0 

[0 1 7 2] 1 3 0tt*77-f 7fflSf»5 t d© 
»613 0O±tGaNMy77ii3i > nSIGaN 
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3>*£M13 2, nSGa 0i j 5 Al 0i , 5 Ni'7!'h- 
113 3, nSGaNii[Jil3 4, InGaN^H 
f^Pl3 5, pliGaN3S«JI 1 3 6, pSGa„ 85 
A1 0 . 15 NI1 P S^7«j/KI137, pSGa 0 85 A 
l 0 .i5N^2pS^^^ FJB 1 3 8, pSGaN^l^ 
^^71139, plln fl .07Ga 0-93 N^2^^.yr 
Ml 4 0, pSIn 0-15 Ga 0<85 N7t^3i«)^l 4 1# 
J£/&£ftTl*S. piInGaN*ia«)i 1 4 ll±|5j 
B#t3pS=i>^^ h^©SSyt)«febTV^. Sfe, 0 
$><D1 4 2btpWmm, 1 4 3ttnfJl*€iT*fe.5o 

loi73] &i©** >; 7£gfct, m\vm>7z>vY 

Ml 3 7#5 x 1 0 17 cm -3 , ^2pM*^y KJi 1 3 
8tf5xl 0 16 cm- 3 « £fcfgl**-j/:/JIl 3 9, |g 
2^f^fl 4 0, ftffl&i&l/n^** MHl 
ttv»rft*> 1 x l 0 17 cm" 3 tUfe. 
[0 17 4] d©0C^bfcffiji©^fcJ:, r££HB<l© 
&1 pS^7!< KJf 1 3 7©*-*- < LT 

H&&JI1 4 1 tgt5^2p^ 7 y Fg©** 'J7 
£g£it«&i$ffi< bT, ^Dp?St«tS*Mffi±^ 
£ft«bT^£>£T-fcSo * h^-f T'SST-SSSttfdiEftS 
IlttE19, 02 3JSiV®2 4<Dm-£ttmmT'$i>Z>o 

[0175] (msommm) 02 6tt, *$gBj©ifi 

T&-5. 

[0 1 7 6] 0*1 5 0li-y77"f 7SfiT-$D, 
fitgl 5 0O±i;GaNn»;77ll 5 1, niGaN 
3^^H152, n3?Ga 0 85 A 1 0 15 N£5 * K 
115 3, nSGaN^tI15 4, InGaN^lS 
?#P15 5, pSGaNjSSil5 6, plGa 0i85 
Al 015 N$lpSi'7-n-I15 7, piGa 0>ffi A 
l 0 . 15 N^2pS^7«yKJ115 8, pSGa 08 5Al 
0.i5NS3pl»7^F1159, p!GaN4t^7 
1160, pSIriQ j Ga 0 9 NftBS&ifrJf 1 6 1# 
J&?S;*nTV>S. pMInGaNTfeB&fegl 6 1 tt, 
ISIISlCpSro** FgO&SJfcSfcbT^S. 
04 1 © 16 2 ttpfltitS % 1 6 3 ttnffi«®giTfcSo 

[0 17 7] Cl©flSSJfc<gfc::fc«7 U7$A 
tt, llpS^7y KJf 1 5 7 As 5 x 1 0 17 cm -3 , Ml 
2 p§y* 5 » H/f 1 5 8 # 5 x 1 0 16 c m~ 3 , % 3 pi 
>?=7V FJf 1 5 9 #5 x 1 0 17 cm~ 3 , 
1160, ytm&sbm/o M l 6 l ttttrtife 
1 x 1 0 17 cm" 3 tfe5 t 

[0 17 8] Cl©0H^bt«ii©1tStO:x jSttKKI© 
£ 1 pM? FI157 <D*r* U < LT 

m&tbigi 6 1 k.\&tz>'m2pm?zrv ymo***)? 
mg.ziiM&){&< lt, ^DWgtiissgtPi^^m 

£«t«b, ?e.C^ty7fl6 0i:gt5^3pI^ 



D ^^ASlSttigl > «fc o £ bT V ^3 d t T & i> . 
[0179] (Sg 9 <Z)£Jfi&£) ® 2 7 fct, *$S0.§CDSj| 

[0 1 8 0] 0*1 7 Oli-tJ-7 7-^TS^T^D, ZCD 
Sffil 70O±CGaNM'y77ll 7 1, nSGaN 
□ >^^M172, nIGa 0 85 Al 015 N^7^K 

117 3, nSGaN«tfl7 4, InGaN^Ii 
W17 5, pSGaN«S1176, pSGa fl85 
Al 0 .i5N^lpM^7y KS1 7 7, pSGao i(5 A 
l0.15 N ^ 2 PS*^ fH 7 8, pIGa 0 8 5Al 
0.i5N^3pS^7'yh-I179, pSGaN4t5/7 

118 0, plln fl l Ga 0 9 N7fcfflii»l 1 8 1, 
pgain 0>1 Ga 0 _ 9 N3^^Hi 824SM$n 
TU5. it, E*<D 1 8 3l±pffid*S, 18 4ttnffl 

[0181] CWllfiS^tliSJtS&lcD^^ IJ7SK 
l±, ilpf^7'? KJI 1 7 7*^5 x 1 0 17 cm _3 N f% 
2 P m* 7 v YM 1 7 8 ifi 5 x 1 0 16 c m -3 , fg 3 pi 
7 9 # 5 x 1 0 17 c m~\ :7J1 1 8 

Oifil x 1 0 17 cnT 3 , #SBii*>>ll 8 1 ifi 1 x 1 0 17 
cm -3 , Kg 1 8 2#5 x 1 0 17 cm _3 -Tfe 

So 

[0 18 2] Z<D®£7jiLtzm&<D&WLti, 

«£ftSfc«t>C. IM£mE£;MIIK<£jfrr-5;:i;;#T-£ 
S. 

[0 18 3]fc:fc, Z<D±ot£3r+ UTSBft©^0\3> 

M£ISttS«iItt, coiWS^«gt:|Sst)CDT'li 
^4~^7©^JS)f^«lii^bT*>affl-T-§5 
c:^:lil^^iT•t).5&:^^. 

[0184] (^1 0©H«6Jf^) 0280:, #£gBJ3CD 
^ 1 0©^B^tc^t>5#^u— tf©«tfig*^f Kr 

[0185] 0tl9Oliif77>f7iffifJj5 v CO 
SIE1 9 0(D±<CGaN>'t^7 7l 1 9 1 , nSGaN 
=i>^^h!19 2, pffil nGaN^ffljiftl 193 
* 5 ff^$^^TV^^, 0 p^I nGaN>tHji«)l 1 S 3S 
D ! nSGaN3>^^ Hi 9 2©±gfltt, ^CD— gBtf 

±t, nIGaAlN^7'n*il 94, nlGaN^ 
IK119 5, InGaN^lt?#pl9 6, pSGa 
Nf«H 9 7, pSGaAlNi'7-v HI 1 9 ^ , p 
SGaNIl 99, pSI nGaNa>^^ M 2 00 
tfM$tlTl<>5. nIGaAlN?7^K| 

1 9 4 KTffiSKflO'J vgi5*sffM$nTV%5 0 
04>O 2 0 1 l± p 2 0 211 nfflOttffiT ^> . 

[0186] i©SOBB»T tt, ftm&Sbm 193tfrS 



(17) 



&B3¥10-294529 



m&e>m 1 9 3 t#^#Fr££jf 1 9 6 t&xm lt^ 

ZtztbtZ. TfeBliiftJl 1 9 3 (DB&HlM&a&WT'^mm 

£tl3. d©3tSji«)Sl 9 3tt|5)ll§t, maStS* 

[0187)02 SC^it^-f^t-S^CD^g^fttt, 
1 0 i V 2 0 g 6Dj^*lt £ m O C V D mx&M 
BEfcTfrfcftS. Z(DM&t,t&H l f$.fkifi2®T-%tsi: 

[0188] (mi KDnmm) m2 9tt, *&®<d 

[0 18 9) @*2 10tt^77^7«fif3&Ds CCD 
St62 1 0CD±tCGaN,'t>y 77f2 1 1, p^GaN 
3>^^M212, pSInGaN*ia»I2 13 
VB&ZnT^Z. piInGaN)lsaiifei2 1 3» 
VpIGaN3>^^ hS2 1 2©±gB«u -^CD-aw 

i>y^>y^n, 7, h^j yviomifimf&ztiz. ccd 

±{C N pSGaAIN*?? KA2 1 4, p£!GaN3| 
81215, I nGaN#ig?#p2 1 6, nSGa 
N#S§2 17, nlGaAlN^7i»Kf2 18 ) n 
SGaNI2 19, nSInGaN3>^^M220 

VM&ztiT^Zo £tc, m^<D2 2 ittpon^a, 2 

2 2ttnffi3Sex-a&S. 

[0 19 0] CCD^MyfcJgT'fct, &JfCD«m3W0 2 8 

«-Hna»#3t(Ba»i2-i stctQit^tiTua 

*5IJ5fil«^H:pSGaAlN^7y FS2 1 4 fcp 
SInGaN3taa«)12 1 3 i:<D"^Dp?MK «fc t»H 

m^nrvNS. co^gi*. auigiai 9. 024-02 

7 #T-* t t. CD |SI«T * 5 . 

[0191] cn£T-cDHi6J&<refcj:> ?>*? vmt 

1/TInGaNtffll^S^^utis, CCDtmtfg 
££n5*©T-tt&<, I n G a B NsH^i I n G a A 

lBN.fcLTfc&^, ^tpS3>;?^H©i^ p 
II nGaB N=6v>0:pS I nGa A 1 BN£?Zzt 

t«t^T, <gfimcD=i>^^ h^AJf§c>nfc. a& 

©«-®t.**IBCD^S»fc-ri5HT-, InGaAlB 

[oi9 2] ztzs £&t>-y-y7"{Tm&.izmfe£tiz 

fcCD?fct&<, SiC, ZnO, MgAl 2 0 4 , Nd 
Ga0 3 , L i Ga0 2 „ Y 3 A 1 5 0 12 (YAG) , 
Y 3 Fe 5 0 12 (YIG) m&m^ZZ £&T'g 5. 
[0 19 3] (|g 1 2CDHJg^) 03 Ofct, *&BJ3CD 
Bl 2CD^g^®{I^t)5-*^U-tfCDSJ5£^^f »f 

[0 1 9 4] 0*2 3 0ttt77-f TatBffet), CCD 



£*S2 3 0cD±t;:GaN/W7 7jf 2 3 1 , nfGaN 
3 ^^M23 2, nlGa„ 85 A1 0 15 N^^«y K 
123 3, nSGaNifSM2 3 4, InGaN^II 
-?#P2 3 5, pSGaN?«E12 3 6, pSGa fl85 
A1 0.15 N * 5 ^ 3 7, plGaN^t «^^jf2 
38, pIInGaN3>^^M2 3 9, nlln 
0.1 Ga 0.9 N#B&4{>]f 2 4 0 , pfInGaN3> 
^^H241 JWFM£ftTt>*. £tz, 04>CD 2 4 2 
fctpflJlWsi, 2 4 3lin«fgf$5. 

[oi9 5] zommfcmw-if&yKDXoizttmz 

tlio HP*k Jf1t77>f7Sffi2 3 0(D±t:GaNA 
"7123 1, n!GaN3>^^M2 3 2, n f 
GaAlN^7»; KJi 2 3 3, nSGaN^t!23 
4, InGaNflf?^p2 3 5, pIGaNi$$f 

2 3 6, pIGaAlN^7-n-f2 3 7, plGaN 
^^712 3 8, pIInGaN3>^^M239 

£T-&mvzi$.-g.-fz>. CCD±CS i0 2 ISfMU y 

nGaNn^^ hjf 2 3 9, pIGaN+t>^f2 

3 8MpiGaAlN^7'^ KJ12 3 7 CO— Sl^ny 

[0 196]*t, 2@iCDfiE^T*nSInGalN7ta 
&£>Jf 2 4 0MpSInGaN3^^ h!24 1 £ 
J£fi£-f3. CCD2I5jecDfigftJi^ h7-f rgpcps a 0 2 
il£8Lfc£S:fTfcft> cti£«fc osi0 2 ±Cfcteil 

fc"9>^2^E«{cJ:oTfft)nS. ft*, nm@{P!lCDai 

[oi9 7] *mmj&m<D¥rmtt. -&mt*mmizt, 

tohrs ^fig«*215JT«ftr^T-fe5o *fc s 

^-5£«>C, ±®«£g#iii£i:?>ci:#-e£, pgin 
GaNr>^^M24 1 £fc^g£#i£#?>c£:K: 
T, n>** Kffi£t£fijj£TSCi:#T-£.£. 
[0198] (m 1 3 CD£ffl&B) 0 3 1 fc£*&B,flCDSjg 
1 3CD^SS^St^t)5#^i4:U-tfCDSIfi£^^^-^ 
0T-&S. 

[0199] ^%as^st:«ttajB«tsaBi3 oic^l 

i5iB^tt#BS-rS. *ftSffl»tt % ' H3 0 ££173 pi I 
nGaN3>^^ hJf2 3 9M2 4 lCDftt>DlCp + 
SGaNf2 5 0M25 1 Zm^Z^ZZtT-&>Z> e 
COItipSGaNirt-v7f 2 3 8i0*V'J7SS 
£H< 7 x l 0 7 cm" 3 ) ttfcl/tfcSfett, 

[0200] sfc, @3i (Dmmmx'ta, nmmm* 
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[0201] (U4 ommmm) m 3 2 o:*^b^(d^ 

T-feS,, 0+2 6 0fctl7 7:s"f 7g«T-fc>), 
2 6 0©±l:GaNM'y77l2 6 1, nIGaN3> 
**hg2 6 2, nIGa 0i85 Al 015 Ni?7'n-i2 
6 3, n^GaN#SI2 6 4, InGaN^lI^ 
P (MQW) S&J12 6 5, pSJGaN^&Jf 2 6 6, 
pSGa 0i8 5Al„ _ 15 N*7y K/f 2 6 7, pIG a N 
**«v:7Jf2 6 8tffig*ff^$nTV^S. pSGaNt 
■Vi'7'^2 6 8*S«tZ/p^GaA 1N^?'V KJI2 6 7 

£ft, cntj;^7-y Kg 2 6 7\ZX Y^J 7i&0)\) 
yVSWfcf&ZIXT^Zo pSGaAlNi'75'Ki2 
6 7c; ^SWOM^nSGa 0i93 A 1 0 07 N;)fc 

a&©n 2 6 9 vmiR&Hzm&fynmztu s i t 

9712 6 8, ^7 5-FI2 6 7StF7tHiifeJi 2 6 9 
±Cfctp£iGaNn>** hjg2 7 0#&j£$ftTt\ 
3. &&\ 2 7U± P m«&, 2 7 2linSffiffe5. 
[0 2 0 2] *^©BS0^65tt7fcSii46^ 2 6 9 \Z* 
K/I2 6 7,tHlTO/Ml>GaAlN^u 

[0 2 0 3] S^K«liiH:S*fi«3ttt^ Y5>4 m©§F 
»lti44»e,t)^5J;ac, ( An e( , |^2xl O -3 

ia/#£o. o5ix A1 go. KDtgsstts^-rsci; 
[o 2 0 4] ±i&Ltz±o£*.mmmizjLt%tf.< i n 

GaAlBN^^»U-tft*V>T. y^rDi 
j§Se©-^<D^5 y KJ§£ 'J ySHfcfcJB/ftU 'CD y 
y«iSC*7 9 KgJ:!)JB^©?SlrV)fea&«>Jg£K 

[0 2 0 5] (£ 1 5 ©SSifiJ&®) 033 fct*$&l!B©Jg 

0+2 8 0lit7 7-f7Hfif*t), CO»tg 
2 8 0fl)±tGaNM'v77S2 8 U niGaN3> 
*£h/12 8 2, nSGa 0 85 A 1 Q 15 N^^y KJI 2 
8 3» niGaNfft|2 8 4, InGaN^It?# 
P (MQW) rStt@2 8 5, pMGaN3?&Jf 2 8 6, 
PiGa fl . 85 A1 0 >1S N*?9 KJf 2 8 7, plGaN 
*tf712 8 8tfjftJEft£jA3JiTV^S. pSGaN^ 
W7JB2 8 &&£VpMGaA 1N^70» KJf 2 8 7 



<t»)*5>v KJI2 8 7K7, K^-f 7*tt©V v*?m&mf$. 
ZtlXi^Zo pSGa A 1N^7»; KJf 2 8 7©y y £/ 
«SW^©«*CnffiOa 0 . 93 Al 0 oyNflH&fcJi 2 8 

8, KM 2 8 7»lf7fcSaftJi2 8 9±tttpi 

GaNI2 9 0, pi I n G aN3 KJf 2 9 1 # 
K***ITV^5. 2 9 2fctpS&, 2 9 3ttn*®T-ife 

[0 2 0 6] *Sdti&£-?tt3feB!£*t>j|2 8 9tfpSG 
2 8 6C&UT&j£$feTV'Sj&#ia 3 2© 

ffiigifigmZ ft5 £ i: J±H o * t- <t & v>„ 
[0 2 0 7] (£16 (DfZliasm 034 «*&BJ3©Sg 

0T-&5. 0+3 0 0tttJ-:7 7"f TSffiTfcD, CCD* 
S3 0 0O±l;GaNA. > /77i3 0 1, nlGaN3 
>**K«3 0 2, nSGa 0 85 Al 0 15 N^7 y KJI 
3 0 3, n3?GaN3?j£Ji3 0 4, InGaNfli? 
#P (MQW) fgtejf 3 0 5, piGaN^tf 3 0 
6, pIInGaN^tyriSO?, pSGaNg3 
0 8, P^Ga 0 ggAlfl 15 Ni7 7y KS3 0 9*figg 
jJM^tlTUS. pSGaAlN^79 KJf 3 0 9, p 
iGaNl3 0 8fct^ h v-f T'SiJ^&^V^i y^=->^ 
fi&££*U £*l£<fc?), ^7 9 K/13 0 9tc^ 7" 
tt©'J »S?»*%ia*iiTV>*. dCD±KpSG.a 0 93 
Al 0 .07N7t^ji»®3 1 0, pg>GaN3>£-> KJg 
3 1 l#Jgfi££nTO*. 3 1 2ttp«fig, 3 1 3ttn 

[0208] *mmmT-&, >ferm«>jf 3 1 o* p m 

T&Sfctf), ^SfiEfitt2ls)-eStr. C©#SiiT-ti N p 
^ Ga 0.93 A lo.07 N *^ji«)^3 lOtpIImGa 
N * * » :7Jf 3 0 7 ©^ D pfS £ i t) mSSt&s^ #ff 
fcfcft£„ TUt>%, 7b7-f7^ftt, CO's^DPf 
§fc<£ Dm^StttSSivS:^., — ^ K^-f 7"gBT-{ipS 
G a N/1 3 0 8tfpIInGaN^t '^iSOTtp 
MGa A l Ni?7 y K13 0 9 t<DfSiZM0S.^ti~Z^i> 

SGa 0 93 A 1 0 07 N3fcaatf)^3 1 0©Jg^^p^ 
Ga 0.85 A 1 0.15 N ^ 7 ^ ^ ^*®3 0 9 X*)^^COX\ 

[0 2 0 9] (£17 (Dnrnzm) 035 &*ftmom 

1 7©^JS^t:^5i{i^i,_+f0g|gg5.^ H gj S0 
T'feS. 0+3 2 011^77^ TSIST-ifet), C1C7)»(£ 
3 2 0©±tGaNn-j»77f3 2 1, n^GalN=i> 
^^7K®3 2 2, nSGa 0>85 Al 015 N^7^>'l3 

2 3, n!GaN^13 2 4, I n G a N^iM-fft 
P (MQW) rStti!3 2 5, pSGaN??iSii3 2 6, 
P^ Ga 0.85 A1 0.15 N ^ 1 ^^^ K^3 2 7, »j^G 
a 0.9 A1 0.1 N£ 2^7»; KS 3 2 8 J^fiKftJfJBE^fL 
T^S„ pSGa 0 !) a 1q.1 N£2^^>>KJ13 2 
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8, pS?Ga 0-85 Al 0 15 NSfll*7y KJI3 2 7fcts 

O*. *5yFJf3 2 7, 3 2 8 CD 'j v 
tpIInGa Nftm&tt>!§ 3 2 9 *3*Rg|£fl&*j£ 
fi£;*ft, KJ13 2 8 &WfeBi&4{>Jf 3 2 

9±tlipMGaN=i> : J'^ M3 3 0 A^fiE^ftT^ 
5. 3 3 1ttpa®, 3 3 2ttnSfiffe5. 

[0210] *mmm<o&$&&ttn 1 (ommimt 

oTU*£,#;:ft3:T-©||iy-^i;IS£3„ c:©<fc-5fc 

tmsE^jttfsfci&c, *^©iS5uaa:*fi»r«ci: 

GaAlNTf*j«bfc#Ji«JS4:U ft*x»f>irc 

x 5 a» > rm&om * m m u t urn * § a . 

[021 1 ] 03 6tt±83llli(lf>SS©«lig4f^fiE^-5i 
v^>^&&^bfct)CDT'feS. 0*, 4 
Ofct, rtSB©ffiSt?&^Tr}-f;i/ttC9^J5mS3 4 1# 

4 2SUtNaOH)gM3 4 
3£&&bTV>£. -rClT% — ^— 3 4 2tt, 
U£ vigSft® n > h d — 5 6 I34EB:'1& £»7 T ®fe 
U NaOHM3 4 3£&#TS. NaOHM3 4 
3KH:, GaNI6#Jg«5g£^£Ufc^3 4 4#S£ 

ft*. 

[0 2 12] COSS3 4 4fct, §g|^©iS^«S3 4 
5©iEttC&tt3nTl-*3. §3'§F'3©£JKme 3 

4 1l±, fiX«S3 4 5®A«C:|gtt$nTV^. ;c 
X\ 4 5£;r>tt"8£-rsi:> S«3 4 4t± 

[0 2 13] C©J:-5«t«flMb*flS|i»?->ycji») % 
^ y f- > # 7v y 7 4 )V ■& m 3 5 (DmMMIS t * b fe J: 

34JBttic*wric:i:^tre*«. -fftfr*., is 

^fcfttc, 03 5£^bfcJBtt#SI£;* 
ft*. £fc> *Hl©BSTt±pggGaN3¥«S3 2 6*s 
iy^^f'MJf fcbT©«fflfc*fcbT^3. 

tz&b<D&m&mit. 03 5tc^Lt 2ji«j§cise>r, 

3HCl±T«A<« ?6Cm«Ga 0iK A.l 015 Nil> 
^GaNST-a^Wtlfi^^^b^-y-fe^U-^^ KJf 
T'fe^tti^V^o *fc> x^f^MtiNaOHCE 
££ftS*>©-eii&<, KOH, HFmSfS> HP0 3 

[0215] (B 1 8 ©HiSJf^) 038 tt*ft-34)£ 
1 8©HJS^t:^t>S^{*;U— trcD«fig*^-r»fa 
0T-&S. ^3 5 0tt^77-f7Sffiffe!), d©S 
t£3 5 0CD±tGaN>'t^7 7g3 5 1, nlGaN3 
>^^M3 5 2, nSGa 0 85 A l 015 N^7«v KJf 
3 5 3, nIGaNSiS[i3 54, InGaNfiif 



#F (MQW) *£t£^3 5 5, p^GaN^3 5 
6, pSGa 0 _ 85 Al 015 NM^7-yHI3 5 7, p 
' SGa 0 9 A 1 0 j N^2^7«;K13 5 8, pSGa 
N+f;7I3 5 9&j£mBf&2nT^2> 0 pIGaN 
+ +77*13 5 9, pSGa 0 9 Al 0 , N^2 t> ^ y 
F^3 5 8, pIGa 0i85 Ai 0>]5 Nil^7y FJ13 
5 7fct, 7, 7®frZm^T^vr tl, 

^nxi>5 ( ^7^^157 7, 5 7 8 © »J >y f/SBtl. 
^Offi^ctc pi I nG a NTtSiifeS 3 6 0 #ff£j$sn 
T^S. 3 6 1ttptffi, 3 6 2H:nflSTfe*o 
[0 2 16] #**i£fl^tCfc»7S«S£»5gfct s pSGa 
0.85 A 1 0. 15 N ^ 1 * 5 v Ym 3 5 7 £ pS I n G aN 
7fcSii«))i3 6 0 t©^xn^t:i>)||3K^ft-S. £ 
x-yf>^7D77^ Jl<®ffltimi,T&±i£Vtzm. 

[0 2 17] (Hl9OHffiEf)l33 9~04Oli, 

S07ffe*o 03 9 (a) Cjfx-ri^t, l777'-fTS 
«3 7 0±tCfct, **&&JKSvffl/&Ki£ (MOCVDS) 
t<t0, GaNi>5)&5 1 0~2 0 0nmf©n«»77 
1371, S i K-7©nIGaNi>?,)5:5 4/*mJ9© 
nl3^^M3 7 2, SiK-7fflnIGa 0>8 A 
1 0.2 N* 4 2 5 0 nmfOnf^7V KJi 3 7 

3, SiK-7OnSGaNfre > &52 0 0nm'I©^ 
iB^3 7 4, Sit---70nSGaAlN^-7D 

-m±m 375 *s®»j^$n*. 

[0 2 18]if^v%T, n UGa A lNjf-;'- 
JiJf3 7 5±fc:fc}:, 1. 5nmS<Dy>H-7In 0<25 
Ga 0 i75 NM3nm)?O7>K-7In 0 05 Ga 0 ' 95 
N © 2 118© I n G a NJ1 ^ 5 0 mmm *) & LT«!j5E^ 
ft*^SM^#^ (MQW) ^©SttSS 7 6^Ufig 
?ft*. 

[0 2 19] fSS^3 7 6±CI±, Mg >*-7* 

OplGaAlN^"- ^"-7D-fii5±Ji3 7 7, IMgh* 
-^©pSGaNiP^ft* 2 OOnml^i^i 3 7 
8, MgK-7OpSGa 0 8 Al 0 2 Ni^^ft^p^ 
^75»h - 13 7 9, Mgh--7®pSGaNi)>e,^5 
0. 3//mJP©++7 7-^3 8 0*-JIi»;JfM?ft^. 

[0 2 2 0]»C, pSGaN^t^7I3 8 OJit 
tt, HCVDSti!), S i 0 2 MA»e>ft54 0 C nm 
J?©&g?iV7v*JI3 8 ltf^^ti*. fi^V^T, 
^^7ii3 8 l±lCtt, l/i/^h (AZ4110) 73S1a 
mjptc^^ft, AI*7Dt7l:iD, Ui?7,>C7 

1 2 Q°c<Dmm&m^<o*-7y\i 2 07>F^«»^ft, 

#7h^-^>^n5. ^-©g, ^^7x^7)13 8 1 
©Si0 2 Itfx^v^^Ju M8i-?Z*®tLsi;z 

[0 2 2 1 ] &lz^ 03 9 (b) £nit£o£, SH&Ht 
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J*>V-J**y?->if (RIBE) StJ:!), pMG 
aNHy713 8 0li, pMG a A 1 z> v K)f3 

[0 2 2 2JdClT% pIGaA 1 N»5«s» Nl©g£ 
i±£]0. 3xdm£»U£g\ yt— .sls^^CJ: 

ti\ i^>mfcUTCl 2 SF 6 i:©& 

-&JSZZmi2>Z.£\Z&r), GaNiGaAl N©jg#? 

[0 2 2 3] 7^^DjjE^9-2 0 OW, 2f>ilD^« 
E5 0 0V, Cl z XZKtiO. 4mTorr-$t 
U SF fi .if7£®lDUt|gOGaNJ:Ga 1 . ]t Alj 
N (x = 0. 2) ©giRi£©gfb£0 4 ltCijVf. flEffe 

£jb'*K:fcttSSF 6 ©?}ffitT-&3«, 
[0 2 2 4] SF 6 #*©flE±nb*Jg;&0-r£>lC&l\ SIR 
tttfifi&O-f S. dftfct. SF 6 **;*£S;ft[rr.&.ri;t:j; 
»K GaAlNJiCaiy^-^KPSU SlSCflfcSUi 
* > tf&.fc$£J&ttoT- & 5 A 1 ©^{b$j#£ric;* fx 

[0 22 5] dttlCfctK GaAlNl©x»^>^ 
gttiI<fc!K IS^i:bTGaN£;©gtRlt#;*:£ <fc 

tzifi. '>^<ttFS:^i:bT^tr**^> MHCF 

tt, 05*fc£O 2 , CO, C0 2 S?©*0£, 4>&<i:*)0 

tt, GaAlNSCDoi^^-yycDfigC, IfcJfltbSt^Al 

[02 26] GaNI380hGaAlNI3 

>^K#4*Bt«*6 5 0 nm©b-tf>fe£fSf*U S 

Witsfefe, ^^^^^©jifTJc^vv stasis 

^d#®#©|§? qjfgtfc 5. £©*©«&!§?&£ 

S^^^>^«i:#fflbfci:$, GaAlNCi 
y^yy&g.tfiM^tztb, GaN13 8 0®i5'f>^ 
8$©£ttftSJg©jSi&©J§JBi:, GaAlN13 7 90 

7fftfcfx §/>©;*— /t— xyf >y§tx>yf>^ 
[0227] fci±©;fri£fc: «fc £ , #HJ6Jfc!ST-0:, G a 



AINJf 3 7 9O*-^-i»;f>^i4 0nmaTt: 
£H 2 S0 4 : H 2 0 2 : H 2 OSft^lCgtf, 1,5?* 

[0 2 2 8] Ul±fflJ6g©«* 03 9 (c) tf^io 
£> MOCVDt «fcSM£2|£]§©j&:KfcJ;!K S i K— 
7CnSGaNic^5 0. 5/imf (« 
i£»5£Ji) 3 8 2#p^GaN^f y7J|3 8 0 <2<PJ@ 
tfi^TpSGaAlNi'7'; KJ8 3 7 9±lZBf&$n 
5. ^2@B0J5E^, ^xy\tt % ^b7'>^En^AS 
«+t:§W6^ S i 0 2 v ft, pSGa 

NH»^g3 8 0#SttS£*t5. 

[0 2 2 9] &OT% 04 0 (d) fcjjvjvfc-S fc„ MO 
CVD{Cj;Sm3[sIg©J5£ftt«t plGaN^r + y 
713 80±SlfpSGaAlNi'7v KJf 3 7 9±£ 
MgK-7OpSGaNi»t,)tt5 0. 5 jxmm<D=J>^ 
* Vm 3 8 3WJtZSS.£tl2>. Cl 2 *-*S:fflv>fc 
RIB Eti D> nSGaN3>^^ hJ137 2^StH 

ftS. 

[0 2 3 0] ^£©&. 04 0 (e) K^fid^ n<Bd 
©«@3 8 4*J«tt^p«d©m«l3 8 5!W£jA3tw 

[02 3 1] S&fc, P«©U— tf l3*V\Ttts ^ 1 @e 
©fiE^fC^D, nSG aNiiSR^i 3 8 2 S f5M 
h-^>r^^^>^t:«tDmJS»5g^3 8 
2Cggngfl£|l8i;j\ ^2l51B©fiEfttc:j;?)pMGaNn 

f^3 8 o*f&&$i£z>t^5mmj3m$&>z a 

b*»U d©S£5fe^©a^ JSEft'fUnSGalMmsS 
»^3 8 2^MOCVD£Jfoej^Sfi>e>©MgCDSWi 

©fe«6HM<K^©P8agB©pSGaNr}>^^ fJi^ 

[0 2 3 2] U*»U *HliSffJSt«tn^ nIGaN 
m^5gJ13 8 2tt^2(s]a©JS£ftT-«^-rSfe4s?) N M 
OCVDSj^ < giHia^e>©Mg©BSta ! iixA s M<v nSi 
GaNm«t»5£J13 8 2ZW<Bf$.T-iiZ. £tz. Y5> 

j^vTyv/~ft&.&Rm-$:mMftmntiLWztb^ #® 
xw)-i?<D?$mifitt.\<> a 

[ 0 2 3 3 ) ±m Ufc «t o t^HSiS^^tc J:tL« v gfb 

■>A^fb-&^^e©aJR^^5 L >^$:ii^x-t 
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Jf fc«£Jf©H§8£i&itji>)©fIt:T-£S©T\ mt&m 
[0 2 3 4] (m20<Dm&BWi) 04 2~04 3tt* 

[0235] xmrnzmtt, &© z -ocD&xm 1 9 ©n 

»F2ii:B:g&5. lj£gfci^ 04 2 (b) t^1-«td 
pSGaAlN^7>? H^3 7 9t3ftxT, K^-f 

SGaAiN^yKiagotfM^ntv^s. 2^ 

Btt, 042 (c) t^-f«fc-3K N pIGaAlN^7 
>y KS3 9 0*>e>3&5U v W*(DWgWZiQ-?T iiMI 

nG &un$m%m3 8 2t«t»jJia$nfc3 tx-fe 
[0236] zommxtt, mmmmm 38 2^ yy 

*J<DmWX'ft&M3 7 6Kigjg-f InGaNI 
$m*g!§3 8 2©i»JK«£©&gtC «£ D^D-57k^(Dj 
©^S&JStfr^T}*? C«t ?) %,m&tb&ft t>ti 5 o C © i: 

';y^©iSfl!l©GaAlN©ff£tt N Hi5afc^Ji3 
8 2i;rS<4^3 7 6i:©S§JStK:^»t--57t^ U— !f£ 

[0 2 3 7] ^CT-mi^fgJtt^. 04 2 (a) tr^f« 

^i:!/- v^^-f-tzm-sfr-exm^Zo 

v=f-yiTKL^ Cl 2 *'^tSF 6 iKDig&XXt. R 
IBEi£i:£fllU.5. i^fy^tt, Cl 2 
2j0. 4mTorr, SF 6 A*^£E* 0 . 1 5mTor 
r. ?-f^D)SEy^-2 0 0W, -T * >iOj£^E 5 0 0 

[0238] piGaN+t^yiSSOltliT^^ 
JWIMStU piGaN*t yym 3 8 0 V* 

^j-m©^*»e>^^7 e ->^Asjs$n^. ^v^>^© 

fct, GaN/GaAlNOlJRtti 5 !. 2 5SSX*fe 
!5v GaAlN©x«^>^j£g#gv%£© % GaNt 
GaAlNi:©! 1 ^::^'.-*:, V— tfT**-^t*W 

©SiWilWtfl 5 Onmtffllb, GaN/GaA 1 N 

^y?->#Z®±Ltzo *<Dl£3k< 04 2 (b) fc^-T 
i 5 fc, . »J v ^©SifjOp SG aAlN^7^b-I39 
0©®££ UTlSftS*)© 1 0 0 nm£3SUTxs>3 L > 

[0 2 3 9] dWK^x^V^Igfc&^T, *H 
1 2 ***GQ*£ffl^£tg-£. GaNi:GaAINt ttS 
— tfT^^^{C*>W5tSi&^«S©GaN/GaA IN 



RMX<Dg{bimi»X$>Ztzls!), ^(DtkHiifi^JEmt 
[0 2 4 0] #«S8fc«4»ii;5rftT?tt % aiRi 

[0 2 4 1] tt±©J;-5fc'J v^JgjA<Dlft N 04 2 
(c) t^t"«t-5fc: s g2@g©MT-nSInGaN 
«SSt»3£J13 8 2ifimmm$tiZo $^CSi0 2 7 
**!&*©&, 04 3 (d) C^-f«fc-5H> 3S3[e]g© 
Mt-pSGaN3>^^ M3 8 3tfM$ft^. d 
®pSGaN3>^^H383IJ, K5-fx^>y 
t,t») % nmGaHny*? hM3 8 4&mlli■r2>$iX^ 
*y^l"yZnx*V■ifiBf&ZixZo ^©^ 04 3 
(e) £^-f<fc-5(C, piGaN3>^{? Kjf 3 8 3± 
tCp{RimS3 8 5 #J£fiR#*u, nIGa'N3>^^M 

3 8 4±{Cn{RJSS3 8 4#^h, !«(* 

[0 2 4 2] ddT\ *5«BB»THU Sl^3gjg 3 8 

2 i bT nl I n G a NJf £if iitr:(g-&£o^T§aBJ§ L 
fctfm^sgJlS 8 2©#*4irLTl±, nSGaAIN 
Jf£ iT©ffe©»^T-S *> AV>. 

[0 2 4 3] i%1 KDmmm) 04 4 (a) —04 

4 (d) fct*$6BJ3©Sg2 l<DmMBmz& t t>Z¥i£it.i, 

— tf©siixg0T-s-5. *nmm&m2o<Dmmz 

f&tmttZ&tS:^ 04 4 (c) t^t«t3t, 
T-fct&< U y^MnSI nGaN«gSt^5^3 9 1 

[0 2 4 4] Z<DU—?mmxt>. 04 4 (a) tC^f 
Xg©&, E|4 4 (b) t^-r«t^t, F7-fx^> 
^C«t») s p!GaAlNi»7vKi3 9 0l'J^i;t 
*©Pafld©¥£Sifc£Wr£ff^tTS»iJg#;&.s. d 
C1T\ 'J -^©^©GaA lNffif^tt, maStStSgJf 

3 9 1 tfe&m 3 7 6 £©!§«iCgg£-5-;L3©-?\ §j| 

2 o©^sjf^tisiait:, u— +f©$^?5;fii^— y$m 

[0 2 4 5] *mmmt£\,\xt,s m2o <ommm 
t m t < t «t 5 sir x » ^ > ^tt^ t u — y 1 ^^ 

^-^i:$:ia^-B-Cffl^5, ^©^ s 04 4 (c) »3 

7fi-tzu%m'&<D¥g.&\s-if$:mmx£z. 

[0 2 4 6] (m 2 2®£JB&£) 04 5tt, *^B^© 

2 2 (ommmm n ^ t> a ^ - y ©^ ^ ^ f»f 

®0T-fe5. 

[0 2 4 7] @+4 0 0linSSiC«fiiT-feO, d© 
Sffi4 0 0®±tnSZnO1401 > n^GaMJi4 
0 2, nSGaAlNi>7'yHi4 0 3, GaNi^^ 

404, i nj Gaj.j ufr^ttzm 1 om&m 4 0 

5, £VGaN*8W4 0 6#«*J&fiR£ft, ^^^1 
©^A$:|^<m2©fi^B{Cli, InitGa^Nfr 
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e>&5MI20iS£Jf 4 0 7MGaN^4 0 8&B 
fig^nT^S. *LT, ^l©^ASlf^2©^B 
fc#WC, pSGaAlN^77K14 1 laMb, 
nlInGaN^ii4&I4 12aMb, pfGaN 

YM4 1 3a£Vb#fiM£ftT^3o 
utl5,fflg B B B )Sfta:M0CVDS, Ifc^ttpg 
#<Dffl^-e-tJ;t>TfTfcns. 4 1 4aWbtt 

pwmm, 4 i sanmnrnx-hz. 

[0 2 4 8] ZZX\ ^l©iSt!14 0 5C!)^>^t 
yy"Esi , m^dlt. M2cDStt®4 0 7®/1>K 

Eei >Eg z ». (1 6) 

d 1 >d2 -(17) 

JI4 0 501 nlBjjgj = 0. 05, f^lOOnm, i 
2<Dm&M4 O70InfijSk = O. 15, f$10n. 
mfcbfc. intt, $BJE&ST-A 1 =3 8 0 nm, A 2 
= 4 1 OnmtffiStS. 

[0 2 4 9] £©U-tf«gCDSSl«D«*SA-eOU 
H#Mil©iS£Jl4 0 5©#T*&3fe«K £©?SttS4 
0 5©«:H3 8 0 nmT*$Slg-f S, — I2®^B 
T-fctfg 1 ©SttJi 4 0 5 J6 2©8ttJB 4 0 7 
t5tf, B2©r£l±jI4 0 7©^> K3r*y -?OX}5l*»b 
B*ttttl?f££tt£2(!>&tej|4 0 7TJ8C 

5. t¥oT, dOfg^T-tt4 1 OnmT-^gnctl: 

10250)^1 ©SMS A©M*4J1 4 0 5tt 1 0 0 nm 

t>> R0#J**«DJl>fcVM*tt:W»&n-5. Sg2© 
WBTtt'l Onmfc»^?Sfiyf 4 0 7Ofcft, #y<«7 
-S«&e«T-#, &ffi;bT-©$£ig#nJfgT-&S. $6-3 
T\ ^©SHlCU-tfti:, *7*<r;**ftffitZ«lvt8l 
©«8A©U— tf&g&liJWa, ^2©fi^B©l^— {f£ 
IBSffl i: U T ffl i •« * -r t. ifi T « S . 
[025 1] U*»t>*HlB&*-Ctt, U 
*79FJI4 1 l®flfBi£SttJ14 0 5, 4 0 70;?)*. 
^>H**?'^*^— ©'Jv$v^3t(Bai6Ji4 12 5: 
aa*ffMUTV»S©T, &«©«*£ A, Bfc*Wti/ 

— F©&gL£^«$&&g#<ga££tt N ^iwst- 

[0 2 5 2] H4 5CS<l/fc^{*:V-tfC5»iSxa* 
04 6~04 7S#JHUTKflB-r5, ST, 04 6 

(a) £^T«fc-5t, nMS i CSffi4 0 0©±£ N n 
IZnO!401, nlGaNf4 0 2, nIGaAl 
N*5* FJi4.0 3, GaN4«f4 0 4, I n j Ga 
!_j NiSttS (SliSttJI) 4 0 5, GaN^l4 0 

6, In k Gaj. k NSftf (£2}£ttJ|) 4 0 7, G 

a w&m 4 0 8 ftiR*jaft-r4. 

[0 2 5 3] &Wt% 04 6 (b) t^TJ:-?^ £l 
©JBtfiAICftl? £ig&JI 4 0 8 tm&m 4 0 7 £jl 



>^-ei»*-rS. j£ttJB4 0 5U:«8U|4 0 

[0 2 5 4] &V>T\ 04 6 (c) tStiol:, ±jg 
CpSGaAlN*5ji KJf 4 1 1 StfSU *©±fc 
S i0 2 14 2 1 ^^^ftltMn. 

[0 2 5 5] &OT% 04 7 (d) t^TiotC. S i 
0 2 K4 2 \V»\*--yV*'n-?X, ZtlZ^Xtt 
b T fg^t A & V B £ -e ft^ft y * y iftmt 5 . 

[0 2 5 6] &^Tn 04 7 (e) iZ^TXo^. S i 

o 2 v^^^owt^i, &imfkiz£^xmtii$h%iz 

Mtetzittm&ibm 4 1 2 Sr^-rs. 
[0 2 5 7] 04 7 (f ) £ij*-fJ;-5£. Si 

0 2 pSGaN3>^^M41 
3£fiE^U pffld^€S4 1 4, nlig4 1 5 %M&~? 

5t^ufe«3i*s^-rs. 

[0 2 5 8] ±j&istz£5iz*mmm\zj:tn£^ mm. 
«ttg©®tb^ u— tf tisKStt®©it;m* ?f t ^ 

-y£l§l-£«_t£ffM,T-£-5&4{)s &«©i|VM3e£S# 

[0 2 5 9] (SI2 3©HSgJ£<g) 04 8fcJ\ #£gBJ§© 
2 3©^S6)B^{c^t)-5^ft:u-1fCDfiifig!&^-rBf 

®0t-&3o 01 9 tig— ®ftiz&m— 
ut> -e©i¥L^i&Bj3j±4&B&i-.5„ 
[0 2 6 0] *mmzm<Dm&Rv$i&j3&&m 22© 
mmrnvm-e; t mmmx- 122 ©nsm<§ 

tS^cS^tt, ^ l©?5t£]14 0 5t3ftxT,KiPcd 1CD 
^l©rStt®4 2 5^tU -ao|g2©r££Ji4 O 7t 

[0 2 6 1] -ftttt, f l©fttt!4 2 5©KJ^d 1 
£%2<Dm&m4 2 7(DiJfd2i:0^ 
d Kd 2 —(18) 
£LtzZtT-3bZ 0 IP*>, d 1 = 1 Onm, d 2 = 1 0 
OnmtLtzo $lfz, |20I«BtIplInGaN!8 
l&m 4 2 8 SrlSJtfco ■! ©qSiRJl 4 2 8 ttoJfSSlilSJR«: 

©«^a©u— tf=&i3gffl s m2(Dmt$,B<Dv-tf^m. 

[0 2 6 2] (^24 ©HMff5®) 0 4 9 li, *^fy§© 
^2 4©^£ff^(c#fe^i|i^u_+fcD^ 4 ^ t - Bi 

[0 2 6 3] 04>4 3 0tttt7 7"f 7St6T-fet), -Z© 
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£*E4 3 0O±CGaN;5y77l4 3 1 , nlGaN 
3>£^Mf4 3 2, nSGaA 1N^77 KJf 4 3 
3, nIGaN^$14 3 4, InGaNMi?#p 
i^&S^ l©rS£)14 3 5, 7>F-7GaN^)gEi 
4 3 6, InGaN£as?#Pfre>fc.5Sg2CDiSi£Jf 
4 3 7, pSGaN§&^4 3 8, pSGaAlN^7 
?PJI4 3 9, pSGaN^t>y7§4 4 0, plln 
G a N#H&4W§ 4 4 1 , pSInGaN^^^H 
4 4 2#M?flt^S. £ tz, 0«f©4 4 3M4 4 
4ttp©®, 4 4 5(±nffi!l«glT*$.S. 
[0 2 6 4] C^T% 31 1 ©#Sfi^ #p-fS£J§ 4 3 5 
©M^K^yT-Egi t^2£D^ag?#pfiH4^4 

3 7 ©M> H ^f^ s; 7"E g 2 fcfcfc 
Eg! >Eg 2 

m?#Fm&m<D#F i m<D i niasE* o . istu $ 

2©^as?#F f iS14E©I n*&j££0. 8i:lfe. 

tffl ^ t s . n 2 ©^ 

mS^PSftJl © I nfflfigttiiSOGaNl^-tftit 
"vr:*£V^ trL3InN£i£U*&J5rv:-;i5Sfe*!>£j£ 
Fat UTIii^Sff©*>©#^*>ft5. 

[0 2 6 5] cctotWfesir^feov— »f#|g«2 
d&u— !f£fflv> Dx ittcD^TAioi 

[0266] 05 oa:, 04 9vi7jkhtzmmmm(Dv— 

*"7>f-Vtt3oT-&V>. 

[0 2 6 7] (Sg2 5 0XJEJ&8) 05 1 tt % *#BJ§© 

£2 5<Dmmmizmt>z>¥m&\s— waymwL^mtm 

E0T-&3. 

[0 2 6 8] 0*45 0&Vy7-{7&foZ-$> *). Z<D 
Stg4 5 0©±fcGaN/W7T/i4 5 1 , nlGaN 
3>*£hJ14 5 2, nSGaAlNi'75'Ki45 
3, n^GaNjg«^4 5 4, InGaN^II?#p 
frbttzm l©iS14Jf4 5 5, T> F-7GaN^ 

4 5 6, InGaN#mft^#Fi>*>fc*Sg2©iS*£Jf 
4 5 7, pIGaN^«Ei4 5 8 ) pIGaA 1N^7 
9KI4 5 9, pSGaN^ri'^7 , ^4 6 0, p* 1G 
aN3>^^M46 1, nil nG a N^Hiiift® 4 
6 2, p + IGaN3>^^M4 6 3#ff*J!j££ftT^ 
5. mrp<D4 6 6 blZpmmm, 4 66 

[0 2 6 9] Sf§ 1 ©#fiM^#PrSt4JI 4 5 5©;t>F 
Eg! >Eg 2 



<B!l©U-1fT-liE gj ©A> 

[0 2 7 0] (if* 2 6 commmm) ms 2<±, *$&bj§© 

H 2 6 ©^6ff*!i£&fr 5 V— tf ©#§;&£ m 

[0 2 7 1 ] 1/— !f©**Jffl|jettiKFlBB2 8fcwUfe 
*>©i:|3|l;T-$>S©T\ -?-©l¥Ul'«i{iBJ{±#BSf -5. C 

©^fiEjf^t^v^Tt, sg i o&mm.ttpm&m 1 9 

4 7 0©^>h^t'y7Eg 2 £©B1&£±&© «fc?K 

[0 2 7 2] (^2 inmmm) 05 3tt, *^bb© 

SfS2 7©^j&£St&£>3^#:U — tf©fltf££:^-t»r 
®0T*&-5. 

[0 2 73] d (Dmmm fc * I* S 3M5i* 1/ - tf CDS* 
ffii§tt05 ltC^Ufcfi^tPI«T-fe5©T-> -f©g¥LV> 
^tt^BS-rSo vr©HJgB8T-J±> ^-&B^«>>©-7 

[0 2 7 4] 0c^©4 8 Ottb— hf>>>T-feS«, t- 
h^>£4 8 0i:LTfct, Cu&£f©fl!k BNWt 
*>K^, &e^©i^*m£fflVV£t»mB<rT-& 
Cl©t-}->>* 4 8 O{Cli0t^Ufc«td'5:e^ 

HTi/Pt/AuI) 4 8 1~4 8 4#Jfcf£;*#xT^ 
S. 4 9 0ttm@F^^73-atf ■5fe46©73-«3tT-fe 

s. &**7>r x^t^<*u-tf©sai:e: s a u s 

n^©^ffl»4 8 5~4 8 9£«fc DflES^ftTV^. 

[0275] #mgB®© =t acg^i^ >©-? ^ > 

[0 2 7 6] «c*Js *«BgHt±iEbfc&HiS}f^^(!g^ 

£fts *>©•?&&<> ^©gg^i&fl&u&v^ii-rvfi 

[0 2 7 7] 

[*bj©^j JM±lfcBJ3Lfc«fc?£#&Bjc«tftfcj:, a 

7 1 A§©>t©t:@Lfc^^IRM©^v^^K©^iitift:-A 
$:^5Ci:©T-^.5 InGaAl BNI«D#j|ftU'- tf 
-SV^©Sit^^ffi«T- § 5. 

[0278] si±JijfienBP«© 

— If tt |g * 5 C h © T- £ 5 U — tf £ fcfgtT- 

[0 2 7 9] *$gB£lc«fcft»J, |§lt®ffl«J 
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[0 2 8 0] £tz, *&mC£tll£, rSttJl'NCD**'; 
©*ffi»T ftr* XfiUif^® 

[0 2 8 1] mibuwA&fc 

f§ 5 ¥3*f* b -+f ©§?£;*£ £lt«T- £ S . 

im i ] #&Bj§©sg i <Dnmm^&t>z*m#.\s— v 

[12 3] Utl>ffltMSJ th , HI&a 0 , SSiAa 
[04] ^ h^-f 7^©#fflBg#r^llAn eq i5«tVlf 
0. 

[0 5] #^S(C*5»?a^jS|!SM*iJ;Zfa^MAatC 
fccDg|^^^-T0. 

[07] SCH-MQW#|jIfc::fc 1*3*7* KS^ clad 
0. 

[08] U^VNfiam^SJti,, 3fcBii«>&»r£8 
U K^Jg clad 3£tf£ig&JIJpHg uide tOHi 

£mf0o 

[0 9 ] i&mm&&gtft1fi<Dir5 y \=mmittf?&*7]%T 
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